In the United States, black individuals are twice as likely to develop type 2 diabetes compared with white individuals, and these disparities are particularly pronounced in young and middle age. Prior studies have identified differences in traditional risk factors that may be associated with racial disparities in diabetes incidence but have not simultaneously adjusted for risk factors measured across multiple domains (eg, the individual and the environment) and updated over time.
T he prevalence of type 2 diabetes among black adults in the United States is nearly twice that of their white counterparts, and the difference in prevalence and incidence between black and white adults has increased between 1980 and 2012. [1] [2] [3] Brancati et al 4 first described the relative association of established diabetes risk factors with the racial differences observed in diabetes incidence in middleaged and older adults in 2000. However, racial and ethnic minority populations remain at higher risk for incident diabetes and its complications, leading the American Diabetes Association to prioritize the elimination of disparities in diabetes research, treatment, and education. 5 Epidemiological studies have identified factors at the individual and neighborhood levels that are associated with the excess prevalence of diabetes among black vs white individuals, but those studies include middle-aged and older-aged populations. 4, [6] [7] [8] [9] [10] [11] [12] However, since 2002, diabetes incidence has increased most rapidly among black youth and young adults as compared with white individuals in the same age groups. 13 The objective of this study was to characterize exposure to modifiable biological, neighborhood, psychosocial, socioeconomic, and behavioral factors during young adulthood and quantify the extent to which these factors and their changes over time are associated with the disparity in diabetes incidence between black and white participants over 30 years of follow-up. The study hypothesis was that differences in biological factors during young adulthood would be most strongly associated with the disparity in diabetes incidence in middle age between black and white individuals.
Methods
The Coronary Artery Risk Development in Young Adults (CARDIA) is a multicenter observational cohort study. 14 Briefly, in 1985 Briefly, in -1986 , 5115 black and white adults (study participants selfreported race as non-Hispanic black or white) aged 18 to 30 years were recruited from 4 US urban communities (Birmingham, Alabama; Chicago, Illinois; Minneapolis, Minnesota; and Oakland, California). Study recruitment was approximately balanced on age (<25 years and ≥25 years) sex, race, and education (≤high school graduation and >high school education). In-person examinations occurred at 2, 5, 7, 10, 15, 20, 25, and 30 (2015-2016 ) years after baseline with annual telephone interviews to update health status and contact information.
Institutional review boards at each study center approved research protocols, and participants provided written informed consent at each examination.
Ascertainment of Diabetes
Serum glucose was measured using the hexokinase ultraviolet method at baseline and using hexokinase coupled to glucose-6-phosphate dehydrogenase at subsequent examinations; values were standardized across examinations. Hemoglobin A 1c was measured using Tosoh G7 (variant mode) high-performance liquid chromatography (National Glycohemoglobin Standardization Program-certified assays). Diabetes status was determined at each examination using a combination of available information on fasting glucose greater than or equal to 126 mg/dL, postchallenge (75 g) glucose greater than or equal to 200 mg/dL, hemoglobin A 1c greater than or equal to 6.5%, or use of diabetes medications (eAppendix in the Supplement).
Clinical Measurements and Questionnaires
The diabetes risk factors that were selected were modifiable, available in the study, known to vary by race in the literature, and categorized into the following groups: biological, neighborhood, psychosocial, socioeconomic, and behavioral.
Biological
At baseline, participants self-reported their parents' history of diabetes. The following measurements were assessed by research staff during each clinical examination with participants wearing light clothing but no shoes. Waist circumference was measured midway between the xiphoid process and the iliac crest and determined as the mean of the 2 measurements. Body weight was measured with a calibrated scale, and height was measured using a vertical ruler. Body mass index was calculated as weight in kilograms divided by height in meters squared. Medications were assessed using the medication inventory. Fasting lipids were measured from ethylenediaminetetraacetic acid plasma. High-density lipoprotein cholesterol was determined after precipitation with dextran sulfate-magnesium chloride, 15 triglycerides were measured enzymatically, 16 and a ratio of the 2 analytes was used for analysis. Blood pressure was assessed at each examination in triplicate with the average of the last 2 measures used for analysis. For years 0 through 15 blood pressure was measured with a random-zero sphygmomanometer. At years 20, 25, and 30 blood pressure was measured using an automated oscillometric blood pressure monitor and values were standardized across examinations to sphygmomanometric measures. The following measurements were assessed by research staff at other time points. Maximum forced vital capacity was measured at examination years 0, 2, 5, 10, and 20 by forced spirometry (maximum of 5 trials) using an 8-L water-sealed spirometer and a microprocessor.
Neighborhood
Census tracts from the 1980 US Census data were used as proxies for neighborhoods. Residential racial segregation was quantified using the Getis and Ord local G statistic (G i *), 19 
23
Behavioral Self-administered questionnaires were used to collect information on smoking status and alcohol consumption at each examination. Participants who reported regular consumption of beer, wine, and liquor over the previous week were categorized according to habitual consumption. 24 Dietary intake for the previous 28 days was assessed by a diet history questionnaire at examination years 0, 7, and 20, which included 1609 unique food items and provided participants with food and serving size models for reference. 25, 26 We quantified diet according to the American Heart Association's Life's Simple 7 metric for meeting ideal consumption of fruits and vegetables, fiber-rich whole grains, fish, sodium, and sugar-sweetened beverages, previously modeled in this cohort. 27 Physical activity was assessed at each examination as the frequency of participation over the previous 12 months for 13 moderate-and vigorous-intensity activities and reported as a score in exercise units, showing high test-retest reliability (0.77-0.84) over a 2-week period.
28,29

Statistical Analysis
Cox proportional hazards models were used to estimate the hazard ratio (HR) for incident diabetes comparing black to white participants (reference standard) with time at risk estimated as time from the baseline examination until date of examination at which diabetes was first diagnosed or administrative censoring at the last attended examination. We decided a priori to stratify models by sex based on literature suggesting that the racial disparity in diabetes risk between black and white individuals is stronger for women than for men. 4 We estimated the extent to which groups of covariates were associated with the disparity in incident diabetes between black and white participants by calculating the percent reduction in β estimates associated with adjustment according to the formula ([β 0 ]−[β n ])÷(β 0 )×100. Our base model adjusted for age and field center (model 1 [M1]). We used multiple modeling strategies to better understand the cumulative and individual association of each risk factor group. First, we modeled sequential adjustment adding each group to the previous model, beginning with the biological (M2) factors added to the base model. We then added neighborhood (M3), psychosocial (M4), socioeconomic (M5), and behavioral risk factor groups (M6), and estimated the percent reduction in β estimates for each sequentially adjusted model relative to the base model. The final adjusted model (M6) included all risk factor groups. In our second modeling approach, we estimated the percent reduction in β estimates by each group of covariates as compared with the base model without adjustment for the other groups. In our third modeling approach, we estimated the percent reduction in β estimates when excluding each group from the final adjusted model (excluding 1 group) to reflect the remaining difference when one group is not included in the model for adjustment. For example, a model adjusted for biological, neighborhood, psychosocial, and socioeconomic factors would reflect the excess diabetes risk when not adjusting for behavioral factors. Models were run with risk factors assessed and updated at each examination (primary) and when assessed at baseline only (secondary). The last observation was carried forward for risk factors that were not measured at each examination.
The proportional hazards assumption was tested by adding a term reflecting the product of race and natural-log of time at risk, and no violations of this assumption were detected. We also assessed the sensitivity of our estimates to usual medical care services and when using multiple imputation to impute missing risk factor group data (eAppendix in the Supplement). A 2-sided P value of less than .05 was considered statistically significant. SAS software version 9.4 was used for all analyses.
Results
We excluded 1 participant who withdrew consent for study participation, 35 participants with prevalent or unknown diabetes status at baseline, and 158 participants missing follow-up information after baseline necessary to classify diabetes status. We excluded 670 participants (14% of remaining sample) who were missing information for at least 1 of the risk factors of interest, resulting in an analytic sample of 4251. Exclusions are enumerated in eTable 1 in the Supplement, and a comparison of characteristics between participants included and excluded from analysis is shown in eTable 2 in the Supplement. Descriptive baseline characteristics of participants who were not identified as an incident diabetes case over follow-up are presented according to the last attended examination in eTable 3 in the Supplement. Of the 2637 black participants enrolled in this study, 2066 (78%) were included in this analysis, while 2185 (88%) of the 2478 enrolled white participants were included. Participant characteristics at baseline are presented in Table 1 . The mean (SD) age at baseline was 25 (3.6) years, 49% of the sample was black, and 54% (2304) were women. On average, black participants had less favorable socioeconomic, behavioral, and neighborhood profiles as compared with whites.
Over a mean follow-up of 24.5 years, 315 cases of incident diabetes were identified among black participants and 189 incident cases were identified among white participants. Ascertainment of diabetes cases is detailed in the eAppendix in the Supplement. The Figure presents cumulative incidence curves according to race and sex. The unadjusted incidence for diabetes was 86 cases/1000 people for white individuals and 152 cases/1000 people for black individuals, resulting in an excess of 66 cases of diabetes/1000 people for black compared with white individuals. When adjusted for age, sex, and field center, this risk difference estimate was 67 cases/1000 people for black compared with white individuals (95% CI, 48/1000-89/1000). The HR for diabetes and percent reduction in β estimates according to each model are presented in Table 2 . Mother's education >16 y 50 (4) 131 (11) 43 (5) 114 (11) Father's education >16 y 44 (4) 246 (21) 27 (3) 216 (21) Neighborhood
Percentage of census tract living in poverty, mean (SD) 23 (13) 13 (10) 24 (13) 13 (10 Models stratified by sex showed evidence for effect by sex in our base model (χ 2 = 7.48; 1 degree of freedom; P = .006) based on prior literature suggesting the racial disparity in diabetes risk between black and white individuals is stronger for women than for men. 4 In the base model, black participants had greater risk for incident diabetes compared with white participants In our secondary modeling analysis, we observed substantial attenuation in the HR with adjustment for baseline measurement of biological factors for women (58% reduction in β estimates) and men (23% reduction in β estimates). Adjustment for baseline neighborhood factors was associated with further attenuation in diabetes HR comparing black to white women (HR, 1.36 [95% CI, 0.95-1.95]) and strengthening of the HR for men (HR, 1.66 [95% CI, 1.15-2.40]). For both sexes, sequential adjustment for depressive symptoms had minimal effect on diabetes HRs. After adjustment for all risk factor groups, the 95% CIs for diabetes HRs for both sexes included 1. For men, adjustment for all risk factor groups resulted in less attenuation of HRs comparing black to white participants than for women. Results for these same modeling schemes of women and men combined are presented in eTable 4 in the Supplement. Including adjustment for usual medical care did not alter the HR estimates (eAppendix in the Supplement). HR estimates from the multiply imputed data were attenuated for women and stronger for men as compared with the nonimputed data (eAppendix in the Supplement).
In the primary analysis, which included updated data for each risk factor, adjustment for biological factors only was associated with the greatest percent reduction in β estimates ( Table 4) for women (112%) and men (86%), and exclusion of biological factors was associated with the least attenuation in β estimates (35% for women; 47% for men). The risk factor group associated with the second strongest attenuation in β estimates was socioeconomic factors for women and also for men when the modeling scheme included updated data for each risk factor. When compared with the base model and without adjustment for other risk factor groups, adjustment for baseline measurement of biological factors only was associated with the greatest percent reduction in β estimates when comparing black with white women (58%), whereas among men, adjustment for baseline socioeconomic factors only was associated with the greatest percent reduction in β estimates (39%). For women, when compared with the base model, omitting adjustment for baseline measurement of biological factors from a model simultaneously adjusted for all risk factor groups was associated with the least attenuation of diabetes β estimates. For men, omitting adjustment for baseline behavioral factors from a simultaneously adjusted model was associated with the least attenuation of diabetes β estimates when compared with the base model.
Discussion
In this cohort of adults who were young at study inception and followed up for 30 years, the disparity in diabetes incidence between black and white women and men was primarily associated with differences in biological risk factors; however, differences in neighborhood, psychosocial, socioeconomic, and behavioral factors were additionally associated with disparities in diabetes risk. Among women, nearly all of the excess diabetes risk in black participants was associated with the combined differences in these factors at baseline. By contrast, onefourth of the excess diabetes risk in black participants was associated with the combined differences in these factors at baseline among men. For women and men, adjustment for changes in these factors was associated with the disparity in diabetes incidence between black and white participants. These findings build on previous epidemiologic research observing disparities in the development of diabetes by race. 2, 4, [10] [11] [12] [30] [31] [32] However, this work extends prior findings by describing these disparities at a younger age and with longer follow-up than previous studies and by including a broader set of explanatory factors and changes in these factors over time.
Recent findings from the cross-sectional Boston Area Community Health III Survey data found individual-level socioeconomic factors at a single point in time explained the greatest percentage of excess prevalence of diabetes in black individuals relative to white individuals. 12 The Northern Manhattan study observed greater risk for developing diabetes in black individuals compared with white individuals over 11 years, finding differential influences of body mass index, smoking, and C-reactive protein on diabetes risk across racial-ethnic groups in older adults. 11 However, data from the Health and Retirement study did not show a higher risk for incident diabetes among black individuals relative to white individuals after accounting for self-rated health status in old age. 32 Findings from the present study are similar to those of the Atherosclerosis Risk in Communities (ARIC) study of adults aged 45 to 64 years, whereby differences in biological factors at baseline were associated with the greatest disparity in diabetes incidence between black and white individuals, and these findings were more prominent among women than among men. 4, 10 In ARIC, nonobese black women, but not men, had higher levels of fasting insulin than their nonobese white counterparts before developing diabetes, suggesting that sex-specific mechanisms may contribute to excess risk of diabetes in black individuals. 9 This current work is consistent with this observation as greater attenuation in diabetes HRs, according to race, was observed for women compared with men when including biological factors measured at baseline to a model adjusted for age and field center. Using multiple modeling strategies, this study consistently demonstrated that differences in modifiable biological factors, namely body mass index and central adiposity between black and white women, were most associated with racial disparities in diabetes incidence. Among men, differences in modifiable behavioral and individual socioeconomic factors between black and white individuals at baseline were most strongly associated with racial disparities in diabetes incidence. However, when incorporating changes in these risk factors over time, differences in biological factors were most strongly associated with racial disparities in diabetes incidence for women and men. Literature highlighting the social determinants of health suggests that racial disparities in diabetes may be influenced by the psychosocial and environmental determinants of behaviors and health care access that directly influence biological factors. 33 Findings from the present study support this hypothesis as individual-level and neighborhoodlevel social determinants did contribute significantly to disparities in diabetes. These results suggest prevention efforts that address racial inequalities in socioeconomic factors (eg, educational attainment and income) may be one strategy to reduce racial disparities in diabetes risk.
Limitations
This study has several limitations. First, diagnostic criteria for diabetes changed during follow-up, and ascertainment of diabetes cases identified solely from the medication inventory would be less sensitive prior to 1997. Diabetes was defined at each examination using current American Diabetes Association criteria for laboratory measures, and appreciable differences by race in case-ascertainment by diabetes medication use were not observed. Second, for reasons of missing data, 14% of participants were excluded from analysis. Those who were excluded were more likely to be black and had higher fasting glucose, and estimates from multiple imputation suggest this may underestimate diabetes risk in black men in this study. Third, this is an observational study, and residual confounding may be present in these estimates.
Conclusions
In this cohort study comparing black participants with white participants, there was a statistically significant increased risk of incident type 2 diabetes among black women and men. However, after adjustment for modifiable risk factors during young adulthood, the disparity was no longer statistically significant. 
Supplementary Methods
Fasting glucose, post-challenge glucose, and HbA1c were assessed at various examinations. Fasting glucose was measured in examination years 0 (Y0) and Y7-30. Post-challenge glucose was measured in Y10, Y20, and Y25. HbA1c was assessed in Y20 and Y25. Self-reported use of diabetes medication from the medication inventory was available for all examination years.
We assessed the sensitivity of our estimates to possible racial differences in health and medical care services. At CARDIA examination year 7, participants were queried about access to medical care services.
Participants were asked to report whether they had a usual source of medical care in the occasion of a check-up or if they are ill and to identify the source of such care (e.g., private/personal physician, walk-in clinic, clinic by appointment, hospital emergency room, other).
To understand the impact of excluding individuals from our analysis who were missing baseline risk factor data we estimated HRs when using multiple imputation to impute missing baseline risk factor data. We used fully conditional specification (FCS) methods for multiple imputation of missing baseline risk factor data, drawing from the full CARDIA cohort, creating five multiple imputation datasets. FCS methods do not rely on the assumption of multivariate normality for all the variables in the imputation model and are ideal for imputing missing data for continuous and categorical variables. 1 FCS methods use data from available cases and each variable with missing values is imputed using a regression model conditional on all of the other variables specified in the imputation model, shown to be a reliable approach given sufficient sample size. 1, 2 We estimated HRs for diabetes in each of the five datasets individually and combined estimates according to Rubin's Rules. 3 © 2017 American Medical Association. All rights reserved.
Supplementary Results
During follow-up, 17 of 189 (9%) incident cases among whites were ascertained by diabetes medication use data alone, while among blacks 33 of 313 (11%) incident cases were ascertained by diabetes medication data alone.
Among whites, 78% of women and 71% of men reported having a usual source of medical care at exam 7.
For blacks, 72% of women and 63% of men reported having a usual source of medical care. The prominent source of medical care for each race-sex groups was private/personal physician, 67% for white women, 56% for black women, 57% for white men, and 40% for black men. When medical care characteristics were included in the final model for time-invariant covariates, the HR for black women compared to white women was 1.24 (95% CI=0.85, 1.81) and for black men compared to white men was 1.50 (95% CI=1.01, 2.22). Neither usual medical care nor source of medical care were significantly (p>0.05) associated with incidence of diabetes in this model.
Relative to 4251 included in the primary analysis, the 863 individuals (864 individuals were excluded, but 1 individual withdrew consent to participate and was not analyzed) excluded from the primary analysis were more likely to be black, less educated, have lower parental education, more likely to be a current smoker and heavy consumer of alcohol, have higher fasting glucose and poorer diet score, and more likely to live in a neighborhood with higher than expected black residents and greater percentage of the neighborhood living in poverty. We excluded 162 white women (12% of enrolled white women), 321 black women (22% of enrolled black women), 131
white men (11% of enrolled white men), and 250 black men (22% of enrolled black men) from primary analyses. In analyses using multiple imputation to impute missing baseline risk factor data, black women had a HR of 1.18 (95% CI=0.83, 1.69) for diabetes compared to white women after adjustment for all risk factor groups. In a model adjusted for all risk factor groups, black men had 1.51 times greater risk for diabetes compared their white counterparts (95% CI=1.04, 2.18) when using multiple imputation methods to impute missing baseline risk factor data.
